The prevalence of hepatitis B virus (HBV) in Brazil increases from South to North but moderate to elevated prevalence has been detected in the Southwest of Paraná State. The prevalence of serological markers of HBV was evaluated in 3188 pregnant women from different counties in Paraná State and relevant epidemiological features were described. The prevalence of HBV markers in pregnant women for the state as a whole was 18.5% (95% CI = 17.2-19.9), ranging from 7.2% in Curitiba to 38.5% in Francisco Beltrão. The endemicity of HBV marker prevalence in pregnant women was intermediate in Cascavel, Foz do Iguaçu, and Francisco Beltrão, and low in Curitiba, Londrina, Maringá, and Paranaguá. Multiple logistic regression showed that HBV marker prevalence increased with age, was higher among black women, among women of Italian and German descent, and among women who had family members in neighboring Rio Grande do Sul State. Univariate analysis showed that HBV marker prevalence was also higher among women with no education or only primary education, with a lower family income and whose families originated from the South Region of Brazil. Pregnant women not having positive HBV markers (anti-HBc, HBsAg or anti-HBs detected by ELISA) corresponded to 73.7% of the population studied, implying that HBV vaccination needs to be reinforced in Paraná State. The highest prevalence was found in three counties that received the largest number of families from Santa Catarina and Rio Grande do Sul, where most immigrants were of German or Italian ascendance. This finding probably indicates that immigrants that came to this area brought HBV infection to Southwestern Paraná State.
Introduction
Hepatitis B virus (HBV) infection is a worldwide public health problem affecting about 350 million people (about 5% of the human population). Most of these individuals can transmit the disease without knowing that they are infected. Furthermore, some develop severe chronic liver disease (1) .
In some regions of the world, e.g., sub-
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Saharan Africa, more than half of the population becomes HBV infected during their lifetime and more than 8% of inhabitants become chronic carriers. In these regions, most infections take place during delivery or infancy. In North and West Europe, North America and Australia, chronic HBV carriers are found in less than 2% of the population and HBV infection generally occurs in young adults by sexual transmission or occupational exposure (2) . In Latin America, there are more than 140,000 acute cases per year and about 6.6 to 12 million people are chronic HBV carriers. More than 65% of these cases live in South America, where about 100,000 cases of acute hepatitis B occur annually, and the overall prevalence of HBV infection in low-risk populations ranges from 6.7 to 41% while HBsAg rates range from 0.4 to 13% (3). In Brazil, there are more than 75,000 acute cases per year and HBsAg prevalence increases from South to North: 1% in South and Central West regions; 2% in Southeast region; 2.5% in Northeast region, and 8% in North region (3) . Moderate to elevated HBsAg prevalence has been detected in candidate blood donors from the West region of Santa Catarina (4.3%) and Paraná (8.3%) States (4) .
According to the WHO classification of the endemicity of HBV infection, Paraná State is a low-endemicity area (5) . Previous data have shown that the prevalence in this state is lower than in other Brazilian regions, such as the Amazon basin (4,6) and some areas of Espírito Santo State (7), and similar to that of other states, such as São Paulo, Rio Grande do Sul, and Ceará (4, 8) .
In general, Southern Brazil is a lowendemicity area (4, (9) (10) (11) . However, some areas in Southern Brazil have been recently reported to have moderate HBV prevalence, such as some regions of Western Santa Catarina and Paraná States. In Paraná, the prevalence of HBsAg is higher in the counties of Francisco Beltrão, Cascavel (12) , and Chapecó (8.3, 3.8, and 4.3%, respectively) (4).
The aim of the present study was to evaluate the prevalence of HBV infection among pregnant women from different counties of Paraná State and to describe relevant epidemiological features found in the infected population.
Material and Methods

Study area
As shown in Figure 1 The Ethics Committees of Instituto Adolfo Lutz and Universidade Federal de São Paulo approved this study and each pregnant woman gave written informed con-sent before sample collection. The women were also interviewed for collection of data such as age, color (13) , educational level (according to the Brazilian Ministry of Education levels), family income, ancestral descent, and internal migration (other Brazilian regions or South region states).
Serology
All blood samples were tested for HBsAg, anti-HBs and total anti-HBc using ELISA tests (DiaSorin S.p.A., Saluggia, Italy) and an ETI-STAR automatic microplate analyzer (Diasorin). Samples were considered to be positive when the OD/CO (sample optical density/assay cut off) ratio was higher than 1.1. Samples with initial results in the gray zone (0.9 < OD/CO < 1.1) were retested and, if this result persisted, they were excluded from this study.
Statistical analysis
The dataset was organized and analyzed using the Epi-Info program, version 6.0. Statcalc and Epitables applications were used for chi-square and confidence interval (CI) analysis, respectively (14) , with the level of significance set at P < 0.05. Significant variables in univariate analysis were then used to adjust a multiple logistic regression model with a stepwise procedure to select variables using the Statistical Package for Social Sciences (SPSS) software, version 12.0, for Windows (15) . The model was shown in a table containing the estimated parameters, standard error, significance probability, odds ratio, and the respective 95% CI.
Results
The prevalence of pregnant women from Paraná State with serological markers for past or present HBV infection (i.e., anti-HBc and/or HBsAg positive) analyzed in this study was 18.5% (591/3188) (95% CI = 17.2-19.9). In 133 (4.2%) anti-HBc-positive samples, HBsAg and anti-HBs were not detected. HBsAg was found in 54 (1.7%) women, including 5 samples without detectable antiHBc. Three other samples (0.1%) were simultaneously reactive for the 3 markers.
For individual counties, the highest preva- lence (i.e., frequency of anti-HBc-and/or HBsAg-positive pregnant women) was found in Francisco Beltrão (38.5%) and the lowest in Curitiba (7.2%). Prevalence was also higher in Foz do Iguaçu (24.6%) and Cascavel (24.0%) when compared to the other counties analyzed.
As a measure of HBV vaccination coverage, the prevalence of isolated anti-HBs was 7.7%. Francisco Beltrão and Cascavel showed the highest frequency of isolated anti-HBs-carrying women (17.3 and 12.5%, respectively). The other five counties studied showed at most only 5.5% of anti-HBscarrying women. Except for Francisco Beltrão, more than 50% of pregnant women from the other counties showed no serological HBV marker ( Table 1) .
The results of univariate analysis of the features of pregnant women and their relation to HBV status are shown in Table 2 . As expected, the prevalence of serological HBV markers increased with age, with the frequency increasing from 8.7 in women younger than 20 years to 50.7% in women older than 30 years (P < 0.001). Serological HBV markers were also more frequent in black women (24.3%) than in the other groups, in women with no education (20.3%) or with only primary education (20.7%), and in women with a lower family income (20.5%) -P < 0.05. Women belonging to families of Italian or German ancestry showed a higher frequency of HBV markers (P < 0.05), 26.3 and 30.4%, respectively. Families of these two origins were especially common in Francisco Beltrão and the frequency of HBV markers was also higher in women belonging to these families (data not shown). Family internal migration data showed that only women from families originating from the South Region had a statistically significant higher risk of HBV infection (20.2%; P < 0.05). Further analysis involving only South region states demonstrated that women from families migrating from Rio Grande do Sul State had a higher risk of hepatitis B infection (37.0%) than families from the other two States, Paraná and Santa Catarina (P < 0.05).
The results of multivariate analysis are shown in Table 3 . Age, black color, family origin from Italy and Germany, and internal migration from Rio Grande do Sul State 
Discussion
Most of the available data on HBV prevalence are obtained from candidate blood donors since a large number of samples can be easily obtained at relatively low cost. Nevertheless, many biases are found in this population since it includes mostly young healthy adults from urban areas and some individuals donate blood to verify if they are carrying any blood-transmitted disease taking advantage of the anonymous condition (16) . Furthermore, blood donation campaigns can be focused on special populations such as armed force recruits (17) . In most of these studies, there is no detailed analysis of the population since no data concerning age, social class, color, educational level, ancestry, or origin are available.
Variable frequencies in HBV infection might be found in the same geographical area (18) . Indeed, we found that the frequency of serological HBV markers is widely variable in different counties of Paraná State. In Cascavel, Foz do Iguaçu and Francisco Beltrão, the prevalence of HBV markers in pregnant women was found to be of intermediate-endemicity level, while a low-endemicity level was observed in Curitiba, Londrina, Maringá, and Paranaguá.
Five samples (0.2%) showed an isolated HBsAg result, with an OD/CO ratio higher than 4.0, indicating that these results were not false-positive ones. Most of these results were obtained in Francisco Beltrão, where the highest prevalence of HBV markers was found. One possible explanation for this serological profile is an ongoing seroconversion. Isolated anti-HBc profiles were also more frequent in Francisco Beltrão (8.6%), Cascavel (5.4%), and Foz do Iguaçu (5.3%), where the highest prevalence of HBV markers was found (38.5, 24.0, and 24.6%, respectively).
The frequency of isolated anti-HBs was used to evaluate vaccination coverage. This pattern was found in 7.7% pregnant women and was higher in Francisco Beltrão (17.3%) and Cascavel (12.5%), where hepatitis B vaccination was started in 1998. In Foz do Iguaçu, isolated anti-HBs was found in 4.9% of the pregnant women studied, probably reflecting an important migration of nonvaccinated people to this county. It is noteworthy that in 5 of the 7 counties analyzed only about 5% of the pregnant women were protected against HBV infection, as attested by their serological pattern of isolated antiHBs positivity. Furthermore, pregnant women without any positive serological HBV marker comprised 73.7% of the population studied, implying that HBV vaccination needs to be reinforced in Paraná State.
In the present study, the prevalence of serological HBV markers increased with age, supporting the idea that HBV transmission in these areas was mainly by the sexual or parenteral route, as previously suggested (5) . On the other hand, in intermediate prevalence areas, the vertical transmission route cannot be ruled out.
Similar to data previously reported in the United States (19, 20) , HBV marker prevalence in Paraná State was higher in black women. This finding might be related to a higher prevalence of HBV infection among the first black inhabitants that settled in Paraná State. Also, the low-socioeconomic level found in the black population might be related to higher exposure to HBV transmission risk factors.
The highest prevalence among black women was observed in Francisco Beltrão.
This county exhibited the lowest human development index, the highest number of illiterate inhabitants, the lowest family income, and the lowest number of dwellings with adequate sewage disposal (21) .
East Asia is known as an intermediate HBV prevalence area (5), but only one pregnant woman of Japanese family origin was HBsAg and anti-HBc positive in the present study. Few pregnant women of Asian descent were analyzed in our study, even though there was an important immigration from Japan to Northern Paraná State. The reason is that this population did not look for public health services where our population was recruited. Most pregnant women of Asian ancestry look for private medical services, especially in Maringá and Londrina (22) .
As expected, HBV marker prevalence and family income level were inversely correlated in Paraná State. This was also observed in Manaus, Porto Alegre, Rio de Janeiro, Belo Horizonte, Goiânia, and Fortaleza (10, 16, (23) (24) (25) .
Curitiba was the county where the lowest HBV marker prevalence was observed, probably because this county presented the highest salubrity and human development indexes and family income rate (22) . The highest prevalence of HBV markers was found in low-income classes, especially in Francisco Beltrão, Foz do Iguaçu and Cascavel. These counties had the lowest salubrity and human development indexes, as well as the highest levels of inequality in income distribution. These indexes were even more pronounced in Francisco Beltrão, where the highest prevalence of HBV markers was found. According to previous results (19) , higher levels of hepatitis B endemicity were found in areas with lower socio-economical levels.
If we consider only individuals of foreign ancestry, then pregnant women of German and Italian ascendance showed the highest prevalence of HBV markers. Data from Germany show low HBV prevalence, while in Italy some areas show intermediate preva- (26) . Some of these immigrants still live in semi-isolated communities. Probably, the virus currently present in these regions came with these immigrants and their lifestyle maintained the intermediate HBV prevalence, as they mostly establish contact inside their communities.
When the HBV marker prevalence was analyzed considering the origin of the families from the major Brazilian regions in a univariate analysis, a higher prevalence was found for families that came from the South region of Brazil. Considering the three states in the South region, multivariate analysis showed that HBV marker prevalence was higher among families originating from Rio Grande do Sul State, especially in Francisco Beltrão, Cascavel and Foz do Iguaçu. Rio Grande do Sul is considered to be a lowprevalence area, but it is noteworthy that most studies have been carried out in Porto Alegre, its capital city. More studies analyzing HBV prevalence in different areas of this state should be carried out. For example, no data are available for areas near Santa Catarina and Paraná States, in the Northwest of Rio Grande do Sul where an important immigration from Germany and Italy occurred during the last century and some populations share the same features as populations from the other two states.
HBV serological marker data for Paraná State generally pointed to a low prevalence, but intermediate prevalence was observed in Cascavel, Foz do Iguaçu and Francisco Beltrão. These three counties received the largest number of families from Santa Catarina and Rio Grande do Sul and most of these migrants are of German or Italian ancestry. This finding probably indicates that HBV infection in Southwestern Paraná was brought by immigrants that arrived in this area at the beginning of the last century.
